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Development and Use of
Water Quality Objectives
One of the key ideas in the Great Lakes
Water Quality Agreement is that water
quality can be maintained and restored by
developing and adopting water quality
objectives. This idea was incorporated into
the first agreement, signed in 1972, and has
remained an important basis for the develop-
ment and implementation ofpollution-con-
trol programs. Ifscientists could recommend
the concentration of a pollutant that could
be tolerated byorganisms in the Great Lakes,
then engineers could build and operate waste
treatment facilities to ensure that the pollu-
tant levels remained below that concentra-
tion. This rationale has been successfully
used by governments to restore water quality
in the Great Lakes basin for more than 40
years. The Great Lakes Science Advisory
Board held the "Workshop on Water
Quality Criteria in Relation to Health
Effects ofPersistent Toxic Substances" at the
regional headquarters ofthe EPA in Chicago
on 15-16 March 1998 to discuss the ade-
quacy ofexisting water quality objectives for
protection of organisms, induding humans,
living in the Great Lakes basin and exposed
to persistent toxic substances from Great
Lakes food chains. This is a brief meeting
report of selected technical presentations
interrelating the protection ofhuman health
with the restoration ofpopulations of extir-
pated Great Lakes wildlife and with moni-
toring the implementation of the Great
Lakes Water QualityAgreement.
Over the past 30 years, there has been
an increasing appreciation of the injury to
fish and wildlife populations and to human
health from exposures to concentrations of
persistent toxic substances-particularly
from insecticides such as DDT and dield-
rin-and industrial chemicals such as poly-
chlorinated biphenyls (PCBs) and polychlo-
rinated dibenzo-p-dioxins. The operations
of standard waste treatment facilities have
had only limited success in controlling this
kind ofpollution, although special facilities
with activated carbon have successfully
removed these kinds ofcompounds.
Because of the injury caused by expo-
sures offish, wildlife, and humans to persis-
tent toxic substances and the technical dif-
ficulties of controlling and treating these
substances, the Canadian and U.S. govern-
ments, as parties to the Great Lakes Water
Quality Agreement, negotiated a new poli-
cy in 1978 that stated that the discharge of
any and all persistent toxic substances
would be virtually eliminated. The ques-
tions posed are as follows: Which persis-
tent toxic substances should be virtually
eliminated on a priority basis, and how
would we know whether the parties had
successfully implemented their policy?
Persistent toxic substances continue to
leach from chemical landfill sites and cont-
aminated sediments, and continue to be
deposited from the atmosphere, thereby
maintaining concentrations high enough
to continue to cause injury to fish, wildlife,
and human populations. Although there is
some discomfort in setting water quality
objectives for substances that are to be vir-
tually eliminated from discharges, this is
seen by the parties as a interim mechanism
for attaining their goal. Clearly, existing
water quality objectives must be reevaluat-
ed to determine whether they are suffi-
ciently stringent to restore affected fish and
wildlife populations, to protect human
health, and to fulfill the requirements of
the parties' policyofvirtual elimination.
In the past, the International Joint
Commission (Windsor, Ontario, Canada)
used committees of scientists that advised
the commission on when to recommend
new water quality objectives to the two gov-
ernments. These responsibilities were taken
over by the two governments in 1987, and
the International Joint Commission was
given the role of reviewing water quality
objectives and making appropriate recom-
mendations to the two governments.
Injury to Human Health and to
Fish and Wildlife Populations
Research in the 1960s and 1970s on the
reproduction of Great Lakes wildlife
showed that predator birds and mammals
such as eagles, ospreys, gulls, terns, and
mink were severely affected by exposures to
persistent toxic substances. There was ahigh
incidence ofembryo mortality and deformi-
ties, indicating that the persistent toxic sub-
stances were havingembryotoxic and terato-
genic effects. The question at that time was
whether there would be similar effects on
humans who were eating fish from the
Great Lakes. The first epidemiologic study
was undertaken in the 1980s in western
Michigan. This study provided evidence of
neurologic effects on infants resulting from
prenatal exposure to persistent toxic sub-
stances as a result of maternal consumption
in the 1970s ofLake Michigan fish prior to
pregnancy. Subsequent testing of these chil-
dren in this cohort, up to the age of11 years,
has shown that the children with the highest
prenatal exposures have irreversible deficits
in their ability to learn. Similar findings have
been reported in a new cohort study of
infants, started in upper New York State in
1990, who were exposed prenatally to persis-
tent toxic substances from maternal con-
sumption ofLake Ontario fish in the 1980s.
The research on the reproduction of
wildlife and on the developmental effects in
infants exposed to persistent toxic substances
pointed to the widespread presence ofterato-
genic substances that are causing irreversible
transgenerational damage. These case studies
were subsequently important in the formula-
tion of the explanatory principle that has
come to be known as endocrine disruption.
The various stages of the normal differentia-
tion and development of the embryo, fetus,
and infant are under the control ofspecific
chemical messengers that are programmed to
be released from a certain tissue, transported
in the blood, and produce specific effects at a
certain concentration and particular time in
another tissue or organ. The scientific com-
munity has recently become focused on the
finding that manychemicals, including many
persistent toxic substances that have been
released to the environment, interfere with
these chemical messengers and cause irre-
versible damage to the developing embryo
and fetus. These effects include changes in
the development and function of the repro-
ductive system, deficits in neurological devel-
opment affecting learning, and deficits in the
developmentofthe immune system.
In this decade, the U.S. and Canadian
governments have made significant progress
in developing water quality objectives and
criteria for persistent toxic substances. For
example, the EPA has developed water
quality criteria for persistent toxic sub-
stances, under the Great Lakes Initiative, for
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protection of aquatic life, human health,
and wildlife, through the Great Lakes
Critical Programs Act of 1990. When regu-
latory officials in the Great Lakes States ini-
tially reviewed the toxicologic and bioaccu-
mulation data, they noted the extremely
low water concentrations that would have
to be achieved to protect the human popu-
lations from an unacceptable risk of cancer
and to restore wildlife populations.
The first question posed by the Great
Lakes Science Advisory Board was whether
the water quality criteria, developed by the
EPA for protection of human health based
on the cancer-causing ability of these
chemicals, would be sufficiently stringent
to protect the embryo and fetus from the
developmental effects of persistent toxic
substances, and particularly from the neu-
rologic effects. Monitoring the effects of
persistent toxic substances on human
health is particularly difficult and therefore
the second question was whether the
restoration ofwildlife populations could be
used as a surrogate for the achievement of
the protection of human health. The third
question was whether the protection of
human health and the restoration of
wildlife could be taken as indicators of the
successful implementation of the parties'
policy on the virtual elimination of dis-
charges ofpersistent toxic substances.
Water Quality Criteria for
Protection of Human Health
At the workshop, independent presenta-
tions by two senior scientists from the
United States and Canada, respectively,
showed a remarkable consistency in analyz-
ing the available epidemiologic and experi-
mental studies. The neurologic findings in
humans were supported by the results of
the studies in monkeys and the reference
doses from these two data sources com-
pared favorably. In addition, the water
quality criteria derived from the cancer risk
method, calculated as part of the Great
Lakes Initiative, seem to provide sufficient
protection from neurobehavioral and repro-
ductive effects of PCBs and dioxins. The
available monitoring data indicate, howev-
er, that the present concentrations of these
chemicals in samples of Great Lakes water
are approximately 100 times higher than
these criteria and that remedial actions must
be undertaken to protect people from the
increased likelihood of cancer due to eating
Great Lakes fish and from increasing the
probability of neurologic effects on infants
due to maternal consumption of Great
Lakes fish prior to pregnancy.
Data from the various epidemiologic and
experimental studies on the effects of
exposures to mercury were presented based
on the poisonings that occurred at Minamata
and Niigata, Japan, from contamination of
fish with methylmercury, and from ingestion
oftreated seeds in Iraq. The effects in adults
included tunnel vision, learning impair-
ments, and changes in sensory and motor
function. In infants, the effects in the high-
dosage group were cerebral palsy, deafness,
blindness, and mental retardation. More
recent studies have been undertaken on two
island populations heavily dependent on
food from the sea. The Faroe Island popula-
tion is dependent on fish, bird eggs, and
occasional whales from the North Atlantic,
and the Seychelle Islands population is
dependent on fish from the Indian Ocean.
In the Faroe Island study, the population
was exposed to PCBs as well as mercury. The
7-year-old children were tested and there was
an association between mercury in maternal
blood and hair during pregnancy and several
impaired functions, including attention, cog-
nition, and hand and eye coordination and
other motor functions. The challenge has
becen to separate out the effects of the PCBs
from those ofthe mercury, but because levels
ofthese compounds are not highly correlated
within individuals, the effects caused by each
can be differentiated. From these various
sources ofdata, the calculated concentration
of mercury in fish tissue believed to be pro-
tective ofhuman health is 0.06 mg/kg. The
administrative action level for mercury in
fish caught commercially in Canada is 0.5
mg/kg, as set by Health Canada, and l
mg/kg in the United States, as set by the
Food and Drug Administration. Present lev-
els of mercury in Great Lakes fish range
between 0.2 and 1 mg/kg and therefore are
more than 10 times higher than the value
calculated to be protective ofhuman health.
This part of the workshop confirmed
that despite the significant improvements in
water quality during the past 2 decades,
there are still persistent toxic substances in
fish at concentrations that pose threats to
human health and in some cases these con-
centrations are associated with actual effects
on the more highly exposed human popula-
tions. The challenge is to monitor trends in
the exposures to and effects of persistent
toxic substances in human populations.
The Bald Eagle as an Indicator
of Virtual Elimination and
Protection of Human Health
For almost a decade, the International Joint
Commission has advocated the bald eagle as
a specific indicator ofthe virtual elimination
ofpersistent toxic substances from the Great
Lakes. Bald eagles need adequate nesting
habitat, sufficient food for themselves and
their young, and no human disturbance.
There are historic databases, starting from
1965, ofthe status and reproductive success
of the Great Lakes population and of the
long-term monitoring of the concentrations
ofpersistent toxic substances in addled eggs.
There is a network of banders who have
been collecting this information together
with blood and the addled egg samples
while banding the young bald eagles in the
Great Lakes basin.
The development of water quality cri-
teria to restore the Great Lakes popula-
tions ofbald eagles nesting in habitat along
the shorelines has taken two different
approaches. The dose-response relation-
ship between contaminant concentrationis
and reproductive success is well document-
ed, and there are field measurements ofthe
empirical bioaccumulation factors for cer-
tain persistent toxic substanices (such as
PCBs) between water and bald eagle eggs
ranging from 25-100 millionfold. In the
development of the water quality criteria
for the Great Lakes Initiative, scientists
used data derived from experimental
dose-response relationships and bioaccu-
mulation factors. The criteria for protec-
tion ofthe bald eagle, based on the empiri-
cal field data, are approximately 10 times
more stringent than the levels for the pro-
tection of humans from the carcinogenic
effects, whereas the criteria for protection
of the bald eagle, based on the experimen-
tal data, are approximately 10 times less
stringent. It would seem that the restora-
tion and normal reproduction of a Great
L,akes population of shoreline nesting bald
eagles might be a useful surrogate for the
protection ofhuman health, particularly in
relation to the effects on neurologic devel-
opment from prenatal exposures to persis-
tent toxic substances. There are, however,
differences in the criteria derived froni
experimental versus empirical evidence,
and further discussion is needed of which
data should take precedence. Although the
bald eagle has served as a useful unofficial
indicator for monitoring regional trends in
concentrations and effects of persistenit
toxic substances in the Great Lakes basin
for more than 30 years, this program is in
jeopardy because the species is being
removed from the U.S. national list of
endangered species and funding for moni-
toring is being sharply curtailed.
A Biologic Indicator of
Exposure
The final workshop discussion focused on
the need to find a biologic indicator ofexpo-
sure to specific compounds or classes ofcom-
pounds with particular modes ofaction that
are relevant to potential or observed harmful
effects. For example, much ofthe chemically
induced injury to fish, wildlife, and humans
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has been caused by exposures to organochlo-
rine compounds with an initial mode of
action related to binding to the aryl hydro-
carbon (Ah) receptor. There have been sever-
al proposals to use the Ah receptor in fish
and wildlife species as long-term monitors of
the trends in exposure ofGreat Lakes organ-
isms to certain persistent toxic substances,
such as the planar PCBs and polychlorinated
dibenzo-p-dioxins and -furans. Other candi-
date physiologic markers include porphyrin
accumulation and retinoid depletion in the
liver, and some measure of immune func-
tion. Some monitoring data on these physio-
logic end points are already available from
studies on various species offish-eating birds
collected at various periods and from various
sites around the Great Lakes.
Although monitoring some measures of
Ah activity in a species of fish-eating bird,
selected as an indicator, might be a valuable
measure of exposure to compounds with
this mode of action, there are other modes
ofaction that are oftoxicologic importance
that also need to be monitored. For exam-
ple, there are certain nonplanar PCBs that
cause neurologic effects through interference
with dopamine metabolism. Theoretically, a
biochemical measure could be devised for
monitoring the trends in exposures to sub-
stances with this mode of action. Finally,
there is evidence from herring gulls and
salmonids ofthe presence in the Great Lakes
of unidentified anthropogenic or natural
substances with goitrogenic activity. There
is, thus, a need for a biologic indicator of
exposures to these compounds because thy-
roid functioning is such an important
process, not only in the normal functioning
of adult organisms, but also in the normal
differentiation and development ofembryos,
fetuses, andjuveniles ofallvertebrates.
Conclusions and Future
Directions
The workshop presentations and discus-
sions suggested the following:
1) Water quality criteria that have been
developed to protect humans from the
cancer-producing effects of persistent toxic
substances are expected to be protective of
the human embryo and fetus from neuro-
logic effects.
2) Present concentrations of PCBs are
approximately 100 times higher than the
water quality criteria, and point to the con-
tinuing need to implement the Great Lakes
Water Quality Agreement provision stating
that the discharge of any or all persistent
toxic substances must bevirtually eliminated.
3) The population status and reproduc-
tive success of bald eagles can serve as an
indicator, not only of whether the virtual
elimination policy of the agreement is
being implemented, but also whether
human health is being protected.
4) Indicator organisms should be select-
ed to monitor trends in exposures of fish,
wildlife, and humans to compounds that
interact with the Ah receptor, and to devel-
op assays of the biologic exposure to sub-
stances that interfere with brain dopamine
metabolism andwith thyroid functioning.
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